Metabolic stages, mitochondria and calcium in hypoxic/ischemic brain damage.
Cerebral hypoxia/ischemia leads to mitochondrial dysfunction due to lack of oxygen leaving the glycolytic metabolism as a main pathway for ATP production. Inhibition of mitochondrial respiration thus triggers generation of lactate and hydrogen ions (H+), and furthermore dramatically reduces ATP generation leading to disregulation of cellular ion metabolism with subsequent intracellular calcium accumulation. Upon reperfusion, when mitochondrial dysfunction is (at least partially) reversed by restoring cerebral oxygen supply, bioenergetic metabolism recovers and brain cells are able to re-institute their normal ionic homeostatic mechanisms. However, the initial restoration of normal mitochondrial function may be only transient and followed by a secondary, delayed perturbation of mitochondrial respiratory performance seen as a decrease in cellular ATP levels and known as "secondary energy failure". There have been several mechanisms considered responsible for delayed post-ischemic mitochondrial failure, the mitochondrial permeability transition (MPT) being one that is considered important. Although the amount of calcium available during early reperfusion in vivo is limited, relative to the amount needed to trigger the MPT in vitro; the additional intracellular conditions (of acidosis, high phosphate, and low adenine nucleotideae levels) prevailing during reperfusion, favor MPT pore opening in vivo. Furthermore, the cellular redistribution and/or changes in the intracellular levels of pro-apoptotic proteins can alter mitochondrial function and initiate apoptotic cell death. Thus, mitochondria seem play an important role in orchestrating cell death mechanisms following hypoxia/ischemia. However, it is still not clear which are the key mechanisms that cause mitochondrial dysfunction and lead ultimately to cell death, and which have more secondary nature to brain damage acting as aggravating factors.